Classical swine fever (CSF) 
INTRODUCTION
Classical swine fever (CSF) is an extremely dangerous viral infectious disease of pigs, both domestic and wild. Due to the large epizootiological and economic importance to swine production and the environment, CSF was classified on the List A by the World Organization for Animal Health (Office International des Epizoothies -OIE) (Edwards et al., 2000) . From 2007 it is on the national list of highly dangerous animal diseases in Serbia, as well as the list of compulsory notifiable animal diseases in Serbia, EU and OIE. The method and the dynamics of transmission, high contagiousness and speed of the disease transmission when it occurs, causes severe direct and indirect economic losses in the economy of every country (Mangen et al., 2001; Te{i} et al., 2002) . Direct damages are represented as deaths, culling of all pigs on the positive farm and contact holdings and costs arising from the implementation of veterinary-sanitary measures in the process of suppression of CSF, while indirect damages cause market disruptions arising from the prohibition of the trade of pigs and pork products. Rapid identification and response mechanisms are therefore of paramount importance when such an outbreak occurs.
Damages that arise in the case of occurrence of CSF in a country with developed pig farming and a high pig population density are in excess of hundreds of millions or even billion euros, which was registered at the end of the last century in the European Union. The disease is widespread throughout the world, and it occurs with different dynamics in nearly a quarter of countries worldwide and it is present in some European countries (Terpstra and de Smit, 2000; Stegeman et al., 2000) .
CSF has a great significance from the standpoint of international trade, according to whose rules it is prohibited to trade live pigs and pork products from countries where the disease appears or where vaccination is in place. CSF causes disruptions in production and domestic trade of pigs, as well as a variety of problems that follow the ban on trade outside the country (Zepeda et al., 2001; Mangen et al., 2002; Te{i} et al., 2003; Klinkenberg et al. 2005) . This is particularly important for countries that have a market surplus of pork and pork products, and that are exporting to other countries. A similar situation happens in other countries by limiting domestic trade, or prohibiting trade of pigs and pork products in certain areas, which is regulated by a special regulation (Elbers et al., 2001; Mangen et al., 2002) .
The programme of CSF control is essentially based on the vaccination or non-vaccination of pigs. At the outbreak of the disease in both cases the stamping-out method is used for suppression and eradication of the disease, and certain veterinary-sanitary measures are implemented in the infected and endangered areas that are clearly defined by legal regulations (Panjevi}, 1994; Rajkovi}, 2005; Plav{i} et al., 2009) . A program of mandatory vaccination of pigs that was implemented for a long time generally did not achieve the expected results, therefore in the EU countries, as well as in the most countries in the world, vaccination of pigs is no longer applied (Klinkenberg et al., 2003) . None of the existing programmes of CSF control that were applied in the European countries and the world, has so far proved to be highly efficient with regard to the occasional occurrence of the disease. In the EU countries stamping-out is implemented as a basic measure of suppression, while the emergency vaccination could be allowed only in endangered areas by strictly defined rules (Saatkamp et al., 2000 , Klinkenberg et al., 2003 .
The appearance of CSF in Serbia has a different dynamics, appearing more frequently in some regions and very rarely in others. The reason for this situation lies primarily in the nonhomogeneity of areas and different ways of keeping pigs with a very high number of pig holdings. However, if we bear in mind that the national program for identification and registration of pigs in Serbia is performed only since 2006, then it is quite logical that the uncontrolled trade of pigs from areas where this disease occurs endemically was very difficult to control, which was crucial for the spread of the disease (Panjevi}, 1994 prescribed actions through the web-based Veterinary Information Management System (VIMS), i.e. to archive all activities in the central database.
The effectiveness of vaccination carried out at the national level was measured by putting the number of vaccinated pigs in a calendar year in the relation to the number of susceptible pigs in the current year. The approximate number of susceptible pigs for the observed calendar year was calculated from the balance sheet, which was kept by the official statistics, in a way that the sum of breeding pigs and newborn piglets was reduced by the number of dead pigs and pigs slaughtered in a calendar year. Economic losses per year are determined in their natural form, as the number of dead and culled animals. Direct costs for implementation of the programme, besides the cost of animal identification and vaccination (vaccine and work) include the costs of laboratory investigations, compensation for owners and implementation of veterinary-sanitary measures. The amount of these costs is defined in the nominal value on the basis of current records kept by the Veterinary Directorate through the VIMS. The costs of immunoprophylaxis were calculated as the product of the number of vaccinated pigs and vaccine price, labor costs and marking costs. We determined the prevalence as the total number of cases (or outbreaks) of CSF in a specific pig population in the whole country during the course of a given period (one year). The significance of difference in calculated prevalence, incidence and number of CSF outbreaks, was determined between the periods before and after the beginning of the Programme implementation, and the assessment of statistical significance was done at the level of accuracy between 0.05 and 0.001. Methods of descriptive statistics and the structure indices were used for data processing and for their presentation, while the assessment of significance was determined by the Student's t-test.
RESULTS
The number of outbreaks of CSF in 2005 was quite high with 342 focuses, in 2006 it was higher by 17.25%, while in 2007 the number of outbreaks was reduced by sixteen times compared to the first and nineteen times compared to the second year, respectively (Table 1 ). In the following years there were no new cases of CSF registered. Considering that in two years prior to the beginning of the implementation of the Programme of CSF control there was a high number of registered foci, hence the number of endangered animals was high as well, and in The high significance of differences in the number of appearances of CSF foci, as well as was in the endangered, dead and culled pigs was determined after the implementation of the Programme in relation to the previous Significant differences in the occurrence of prevalence of CSF between the periods before and after the implementation of the Programme of disease control is very high (p<0.001), as well as in the occurrence of incidence between the two periods ( Figure 2 ).
Number of vaccinated pigs in the period before the implementation of the Programme of CSF control was significantly lower than in the year of implementation, as well as in the following years after the implementation of the programme (Table 3 ). The highest number of vaccinated pigs was in 2007, the lowest in 2006, and in the period after the implementation of the Programme of CSF control, the number of vaccinated pigs was reduced by 25.72% and 30.66% respectively. However, the effectiveness of the implemented vaccination of pigs against CSF in Serbia showed that in the year prior to the programme implementation of 56.18% of the population of susceptible pigs were included in vaccination, and in 2007 97.78%, so that in the next two years the immunoprotection of pigs was reduced.
Costs of implementation of the Programme of CSF control in Serbia were high and in average for the observed period amounted to 265 714 644.50 RSD (Table 4 ). Having in mind that the vaccination costs had the largest share in the cost structure in the implementation of the Programme of CSF control, the changes in total costs were in proportion with the number of vaccinated animals. Elbers et al., 1999) . The data quoted by these authors in their researches, as well as the results of our study indicate that the CSF occurs every year, and that the epizootic situation is, generally speaking, quite unsatisfactory. The number of outbreaks increased in 2005 and 2006, and in 2007 it drastically decreased, while in the following two years no CSF outbreaks were registered.
The prevalence increased in the first three years, and in 2008 and 2009 it was negative, i.e. there was not a single case of endangered animals. However, the highest prevalence rate (0.5178%) was recorded in the year of the beginning of the implementation of the Programme of control because CSF occured on one commercial farm where 15 055 pigs died or were culled. Trends in incidence during the first three years of the study showed a decrease, so that in the last two years after the implementation of the Programme there were no new cases. Certainly, the number of outbreaks has significance only in terms of timely response to disease suppression and eradication, while for the unimpeded functioning of the international trade it is essential to know whether the CSF is present or not (Zepeda et al., 2001) .
Starting from the economical importance of pig farming for the national economy, it is very important to prevent the occurrence of CSF in the country, and if it has already appeared it is necessary to take all necessary measures for eradication and unimpeded trade (Elbers et al., 2001; Mangen et al. 2002; Te{i} et al., 2003; Klinkenberg et al., 2003) . Considering that the CSF occurs in Europe in some countries or in 25% of the countries on the global level, then the epidemiological situation of the disease requires a serious analysis in order to undertake certain measures to mitigate the economic consequences arising from its appearance.
All this suggests the need for a strategic approach when developing programmes for the control of CSF at the national and regional level. However, most authors coming from the countries which had a problem with CSF in the last decade of the previous century (Germany, Belgium, the Netherlands) emphasized that the improvement of existing control programmes and their adaptation to the new scenario of events should be the basis for the control and eradication of diseases (Horst et al. 1997 More frequent occurrence of CSF is registered in municipalities with extensive swine production, which confirms the fact that the problem of classical swine fever in this area is a consequence of trade of pigs or swine products from zones where the disease is constantly present (Val~i} et al., 1995; Simi} et al. 1998; Nedi} et al., 2002; Rajkovi}, 2005) . The most common source of the disease were the animals that come from illegal movement, of unknown origin, unidentified and with no data on previous vaccinations. The disease was spread both directly and indirectly. In the infected municipalities and settlements the spread of the disease to the neighboring areas and the formation of secondary outbreaks was rarely taking place, because the measures for its eradication were timely undertaken (Nedi} et The level of economic damages occurring by the outbreak of the disease is shown in Table 1 . In the period between 2005 and 2009 the average annual mortality of pigs amounted to 5 590.30, and 3 467.67 were culled, i.e. total losses or endangeredness of pigs amounted to 9 058.00 pigs, while after the program in 2008 and 2009 there were no registered losses. The value level of economic damages caused by the occurence of CSF was highest in 2007, as the disease occured in one commercial farm which had a large number of pigs, while it was lowest in 2005. Comparing the level of damage incurred from the death and killing of pigs in Serbia with the damages of countries with intensive swine production (Germany, Belgium, the Netherlands), we come to the conclusion that the level of damage here is far lower, since the number of pigs in individual farms is much smaller. Also, the reason for this is certainly a difference in the concept of control and accepted program of non-vaccination of pigs in the EU countries, and the implementation of "stamping-out" method (Bernard et al., 1999; Stegeman et al.,  2000; De Vos et al., 2004) . We implemented the suppression of the disease only in the infected area, while in those countries which used the non-vaccination program, stamping-out measures were implemented in a much wider range, and therefore the damages were far greater (Mintiens et al., 2001) .
Programme of CSF control in Serbia so far has been based on the preventive vaccination of all susceptible pigs according to defined vaccination program, and, if an outbreak occurs, implementation of number well prescribed veterinary-sanitary measures, which include the depopulation of pigs in infected and contact holdings and other measures in protected and surveillance zones.
Analyses of eradication programs in Serbia during last two decades show that the programme was not conducted in an adequate way, because the number of vaccinated pigs was not high, and the percentage of protected animals was average. In the period between 1994 and 2004 in Serbia the average of 55.82% of susceptible animals were vaccinated, while during the time when the owners had to pay for the vaccination of their pigs, between 2002 and 2004, only 32.25% of pigs were vaccinated, and in the period between 1994 and 2001 when the vaccination was free for animal owners 64.66% of pigs were vaccinated (Rajkovi}, 2005) . However, according to our research in the period 2007-2009, when the new programme of CSF control was introduced a substantially larger number of pigs were vaccinated in relation to these indicators. The costs of vaccination of pigs against CSF varied from year to year, and they are proportional to the number of vaccinated animals. Within the total costs of implementing the programme for control and eradication of CSF, the vaccine costs were accounted for 18.40%, and labor costs for 81.60% as indicated by the results cited by Rajkovi} (2005) in his research. Klinkenberg et al. (2003) stated that the introduction of emergency vaccination during the CSF epidemic was an unavoidable option, both for ethical, as well as for social reasons. They propose the introduction of marker vaccine in the model presented on the basis of the data on the outbreak of CSF epidemic, which occurred in the Netherlands in 1997/1998. National Strategy for the control of CSF should be based on good knowledge of the epidemiological situation of disease, the application of modern mathematical and statistical methods in developing control programs and economic evaluation of proposed programs Meuwissen et al., 1999; Te{i} et al., 2002; Mintiens et al., 2003; Mangen et al., 2003) . Identification and registration of pigs, registration of pig holdings and systematic record keeping of the number of pigs in the country is very important for the successful control of CSF (Saatkamp et al., 1997) . Analyzing the system of pigs identification in Belgium, the authors suggest that identification of animals in the control of CSF directly affects the reduction of economic losses and frequency of the disease occurence, and that it can be used to control other diseases. Within the Programme of CSF control in the EU the greatest attention is devoted to the analysis of the current strategy, which is based on the non-vaccination of pigs and control of ten kilometers (Saatkamp et al., 2000) . Based on these results we can conclude that the implementation of a consistent Programme of CSF control in Serbia, which included the identification/registration of pigs, holding registration and keeping records of vaccination, created a favorable epidemiological situation in the country, which, from the standpoint of the development of swine production, trade of pork and pork products, had a very important economic justification. Klasi~na kuga svinja (KKS) je prisutna u Srbiji prisutna du`i vremenski period i sa manjim ili ve}im intenzitetom javlja se iz godine u godinu. Kako je u pitanju infektivna bolest svinja, a polaze}i od karaktera njenog {irenja sama pojava bolesti nanosi velike ekonomske {tete za privredu svake zemlje. Stoga KKS ima veliki epizootiolo{ki i ekonomski zna~aj za svinjarsku proizvodnju, a pre svega za stvaranje nesmetane mogu}nosti odvijanja prometa svinja i proizvoda od svinjskog mesa. Program kontrole KKS se mo`e izvoditi vakcinacijom ili biti bez nje. Kod pojave bolesti se i u jednom i drugom slu~aju za suzbijanje i iskorenjivanje primenjuje metod "stamping-out", i sprovode se odre|ene veterinarsko-sanitarne
